To investigate the effects of trauma center establishment on the clinical characteristics and outcomes of trauma patients with traumatic brain injury (TBI). Methods : We enrolled 322 patients with severe trauma and TBI from January 2015 to December 2016. Clinical factors, indexes, and outcomes were compared before and after trauma center establishment (September 2015). The outcome was the Glasgow outcome scale classification at 3 months post-trauma. Results : Of the 322 patients, 120 (37.3%) and 202 (62.7%) were admitted before and after trauma center establishment, respectively. The two groups were significantly different in age (p=0.038), the trauma location within the city (p=0.010), the proportion of intensive care unit (ICU) admissions (p=0.001), and the emergency room stay time (p<0.001). Mortality occurred in 37 patients (11.5%). Although the preventable death rate decreased from before to after center establishment (23.1% vs. 12.5%), the difference was not significant. None of the clinical factors, indexes, or outcomes were different from before to after center establishment for patients with severe TBI (Glasgow coma scale score ≤8). However, the proportion of inter-hospital transfers increased and the time to emergency room arrival was longer in both the entire cohort and patients with severe TBI after versus before trauma center establishment. Conclusion : We confirmed that for patients with severe trauma and TBI, establishing a trauma center increased the proportion of ICU admissions and decreased the emergency room stay time and preventable death rate. However, management strategies for handling the high proportion of inter-hospital transfers and long times to emergency room arrival will be necessary.
INTRODUCTION
A patient with severe trauma is an individual with serious or major complications such as hemorrhagic shock or multiple organ dysfunctions, who is suffering from major organ damage or extensive damage to other body parts due to trauma, such as swelling or penetration 8, 28) . The speed of treatment after an accident in such patients plays a large role in their prognosis, and this period is called the "golden hour" 10, 19) . Although a sole injury may occur, multiple injuries are more common and may negatively affect the patient's prognosis 3, 7) . Therefore, a multi-disciplinary approach to multiple injuries is needed in patients with severe trauma 1) . Notably, the preventable death rate from severe trauma in Korea is >30%, which is three times higher than the mortality rate of 10% in other developed countries 14, 15) . Accordingly, in 2012, the Korean government began assigning and operating trauma centers that provide rapid and multi-disciplinary access to treatment to reduce the mortality rate from severe trauma 5, 27, 29) . Indeed, the Korean government stated that new centers would be opened every few years, and provided 8 billion KRW before trauma center establishment and 2.3 billion KRW annually after trauma center establishment 29) . With this government support, special facilities for patients with trauma (intensive care units [ICUs] , wards, operating rooms, and treatment rooms), equipment (diagnostic imaging equipment, treatment equipment), and trauma specialists have been provided to hospitals throughout the country. These funds also paid for emergency medical services (EMS) related to the medical treatment, research, and management of patients with trauma, as well as to the standard development and training of related staff. Therefore, these functions are supervised and evaluated several times each year by the Korean government 21) . Among patients with severe trauma, head trauma is the most common and is associated with a high mortality rate 6) . In addition, most patients with traumatic brain injury (TBI) incur significant costs owing to the need for long-term treatment associated with TBI-related complications 11, 22) . To prevent the deterioration of patients with TBI and to improve their prognosis, rapid diagnosis and treatment are essential 9) . Although establishment of the trauma centers, with their rapid and multi-disciplinary approach to treating patients with severe trauma, has improved the prognosis of patients, the mortality rate in Korea has not yet reached the level of other countries with existing trauma centers 21) . Moreover, the changes in the clinical factors and prognosis of patients with TBI, which account for the largest proportion of patients with severe trauma, following the introduction of the trauma centers, have not been evaluated.
Therefore, the purpose of this study was to investigate the changes in clinical characteristics and outcomes of patients with severe trauma and TBI that occurred from before to after the establishment of a single trauma center in Korea.
MATERIALS AND METHODS
This study was approved by Ulsan University Hospital (IRB No. 2018-02-013) and the requirement for informed consent was waived.
Patients
This retrospective study included 21765 patients who visited a single center from January 2015 to December 2016. The inclusion criteria were patients who visited the emergency room with an Injury severity score (ISS) of 15 or more, patients who were admitted to the neurosurgery department mainly due to head injury (patients whose largest ISS was for the head), and patients who were followed up for >3 months 20) . Among the 835 patients with severe trauma, we excluded 303 patients without TBI who were admitted to the department of trauma surgery, 104 patients who were admitted to the department of trauma surgery due to poly-trauma with TBI, 86 patients who were admitted to the department of neurosurgery due to spine trauma, and 20 patients with TBI who died in the emergency room. Ultimately, a total of 322 patients were enrolled in this study.
Trauma center
Our center is the only tertiary hospital in charge of the final transfer and treatment of patients with severe trauma in the 60-km sector. Many industrial disasters such as explosions occur in this area due to the large number of nearby petrochemical, mechanical, and shipbuilding complexes (Fig. 1) . For this reason, the center was established in September 2015 after being selected as the future site of a trauma center in July 2013. Thanks to the support of the Korean government, the trauma https://doi.org/10.3340/jkns.2018.0037 center consists of ICUs and wards that are dedicated to patients with trauma; trainee doctors, nurses, and trauma-specialized instruments were also provided. Furthermore, the trauma center is supervised annually by the government 21) . Our trauma team consists of staff from the trauma surgery, emergency medicine, orthopedic surgery, and neurosurgery departments. Our department of neurosurgery consists of six neurosurgeons. Physicians selected treatment plans according to their discretion when patients with severe trauma arrived in the emergency room.
Clinical data collection
Patients' clinical factors were obtained via retrospective chart reviews and included sex, age, trauma mechanism, trauma location, time to emergency room arrival, inter-hospital transfer, admission to the ICU, emergency room stay time, Glasgow coma scale (GCS) score, ISS, Revised trauma score (RTS), and Trauma and injury severity score (TRISS) 2, 4, 25, 26) . The trauma mechanism was classified as a car traffic accident (TA), motorcycle TA, bicycle TA, pedestrian TA, cultivator accident, fall, slip, head collision, or unknown mechanism, depending on the cause of the traumatic incident. The trauma location was defined as either within or outside the city at the time of the incident. The time to emergency room arrival was defined as the duration from accident occurrence to arrival in the emergency room. Inter-hospital transfer was defined as a patient who was transferred from another hospital. Admission to the ICU included the trauma ICU and other ICU admissions. The emergency room stay time was defined as the duration from entry in the emergency room to hospitalization in the ward or ICU. The GCS, ISS, RTS, and TRISS measured the patient's initial status in the emergency room. Severe TBI was defined as a patient with a GCS score ≤8 23) . We also performed a subgroup analysis of the patients who arrived in the emergency room within 24 hours of the trauma.
Outcome
The outcome was based on the Glasgow outcome scale (GOS) classification at 3 months after the traumatic event 12) . When mortality occurred before 3 months, this was described as mortality at 3 months. The preventable death rate was also investigated and defined as (preventable death/total death)× 100 17) .
Statistics
Statistical analyses were performed using SPSS version 21.0 (IBM Corp., Armonk, NY, USA). Categorical variables were analyzed with chi-squared tests, Fisher's exact tests, or linearby-linear tests, as appropriate. Continuous variables were analyzed with Student's t-tests or Mann-Whitney U tests according to the results of the normality test. The relationship between the GOS and the various indexes (GCS, ISS, RTS, or TRISS) was analyzed by Pearson's correlation analyses. To determine associations with mortality, a logistic regression analysis was performed on variables with a p value <0.05. In all analyses, statistical significance was set at p≤0.05.
RESULTS
The baseline characteristics of the patients are shown in Table 1 . Of the 322 patients, 233 (72.4%) were male and the mean age was 54.26±21.37 years. As for the trauma mechanism, slipping (n=108, 33.5%) was the most common cause of trauma, while cultivator accidents (n=2, 0.6%) were the least common. The most common form of TA was pedestrian (n=38, 11.8%), and most of the trauma incidents occurred within the city (n=287, 89.1%). The mean emergency room stay time was 306.87±416.02 minutes. The mean GCS score, Mortality occurred in 37 patients (11.5%) ( Table 1) . Thirty patients (81.1%) died of neurologic problems and seven (18.9%) died of other medical problems. Comparisons between the entire cohort and the subgroup of patients who died (Table 1) revealed that the trauma location was more frequently within the city (p=0.021), the proportion of ICU admissions was higher (p=0.004), and the emergency room stay time (p<0.001) was significantly shorter in patients who died than in the entire cohort. In addition, the GCS score (p<0.001), ISS (p=0.007), and RTS (p<0.001) of patients who died were worse than were those of the entire cohort. However, no significant difference in the TRISS (p=0.076) was identified between the groups.
In total, 120 (37.3%) and 202 patients (62.7%) were admitted to the hospital before and after trauma center establishment, respectively ( Table 2 ). The two groups were significantly different in terms of age (p=0.038), the trauma location (p=0.010), the proportion of ICU admissions (p=0.001), and the emergency room stay time (p<0.001). Specifically, patients admitted after trauma center establishment were older than were patients admitted before trauma center establishment, and the trauma location was more frequently located within the city after than before trauma center establishment. Moreover, the rate of ICU admission was higher and the emergency room stay time was shorter after than before trauma center establishment. The number of inter-hospital transfer patients increased from before to after trauma center establishment, although the difference was not statistically significant (p=0.347). In addition, the outcomes, including mortality (p=0.776) and the GOS classification at 3 months (p=0.341, Fig. 2A ), were not significantly different from before to after center establishment. However, the preventable death rate decreased slightly, but not significantly, from before to after trauma center establishment (p=0.643). When evaluating only those patients with severe TBI (Table  2) , we noted that 32 (26.6%) and 37 patients (18.3%) were admitted before and after trauma center establishment, respectively. However, in contrast to the entire cohort, the age (p=0.111), trauma location within the city (p=0.526), proportion of ICU admissions (p=1.000), and emergency room stay time (p=0.078) were not significantly different from before to after trauma center establishment for patients with severe TBI. Similar to the entire cohort, the number of inter-hospital transfer patients increased slightly, but not significantly, from before to after trauma center establishment (p=0.807). In addition, no differences in outcome, including mortality (p=0.567) and GOS classification at 3 months (p=0.810, Fig.  2B ), were identified from before to after trauma center establishment for the patients with severe TBI. Further, like the entire cohort, the preventable death rate decreased slightly, but not significantly, from before to after trauma center establishment for patients with severe TBI (p=1.000).
In our subgroup analysis of those patients who arrived in the emergency room within 24 hours of the traumatic event (Table  3) , 86 (71.6%) and 167 patients (82.7%) were admitted before and after establishment of the trauma center. The two groups were significantly different in terms of the emergency room stay time (p=0.003), ISS (p=0.031), and TRISS (p=0.002). Specifically, the emergency room stay time was shorter after than before trauma center establishment. However, the ISS and TRISS were more severe before than after trauma center establishment. Interestingly, before center establishment, patients with severe TBI showed a high rate of arriving in the emergency room within 24 hours (87.5%); after center establishment, this rate remained relatively similar, with only a slight increase (89.2%). In addition, the time to emergency room arrival was longer after the center was opened than before for both the entire cohort and patients with severe TBI, although the differences were not significant (p=0.429 and 0.304, respectively).
We also performed a subgroup analysis of inter-hospital transfer patients in entire cohort and found that the mean age of patients who underwent inter-hospital transfer was greater than that of patients who visited the hospital directly (57.02± 18.89 years vs. 51.05±23.48 years, p=0.015). In addition, the mean age before center establishment was not significantly different between patients who underwent inter-hospital transfer and those who visited the hospital directly (53.42± 20.11 years vs. 49.51±24.13 years, p=0.351), but the mean age Before opening the trauma center GOS 1 GOS 2 GOS 3 GOS 4 GOS 5
GOS 1 GOS 2 GOS 3 GOS 4 GOS 5
After opening the trauma center After opening the trauma center Further analyses revealed that the GCS score (p <0.001, r=0.597), ISS (p=0.001, r=-0.191), and RTS (p<0.001, r=0.487), as initial evaluation indexes, were associated with the GOS classification at 3 months post-trauma. However, the TRISS (p=0.407, r=0.047) was not correlated with the GOS classification at 3 months. Notably, the GCS score (p<0.001) was the only indicator correlated with mortality (Table 4) .
Fig. 2. GOS at 3 months after the accident for all patients (A) and patients with severe traumatic brain injury (B). GOS : Glasgow

DISCUSSION
Since Ulsan University Hospital opened the trauma center on September 17, 2015, we have added 20 beds in the trauma ICU, 40 beds in the trauma ward, two operating rooms, and an angiography room. We also acquired trauma-only computed tomography and X-ray equipment and trauma experts. Here, we found that the mean age of patients increased from before to after center establishment. According to our analyses, this change appears to be driven by an increase in the inter-hospital transfer of elderly patients after center establishment. In addition, we found that after the trauma center opened, the number of patients admitted whose traumatic events occurred within the city increased, likely due to the training of paramedics and medical support personnel and to the announcement of trauma center establishment to the local emergency medical center. However, before the trauma center was established, our hospital had been the only tertiary hospital in the area that was able to manage patients with severe TBI, and thus such patients were already being transferred to our center. In addition, for patients whose severe TBI occurred in a different city, it is likely that the necessary treatment was performed in that city to avoid neurologic deterioration related to the time required for transportation. Therefore, for patients with severe TBI requiring urgent treatment, the proportion of patients with a trauma location within the city was not different from before to after trauma center establishment. Regarding our entire cohort, the present study revealed that after the trauma center was established, the proportion of ICU admissions increased, while the emergency room stay time decreased. These findings may be explained by the increased number of trauma ICU beds and the rapid treatment decisions and admissions that were made after primary surveys were performed by trauma specialists provided by the government. However, since urgent treatment is an important prognostic factor for patients with severe TBI, admission to the ICU and the emergency room stay time were being managed by neurosurgeons prior to the opening of the trauma center. Therefore, the changes in these factors were not statistically significant for patients with severe TBI.
Kane et al. 13) previously reported that patients with minor injuries treated at trauma centers most likely did not require trauma services, whereas patients with severe injuries were unlikely to survive regardless of which treatment facility was utilized. Based on our results, we think that the benefits, such as the increased proportion of ICU admissions and decreased emergency room stay times, for patients with moderate or mild TBI were greater than were those for patients with severe TBI after trauma center establishment owing to the active management provided by emergency room trauma specialists. In addition, most patients with mild or moderate TBI tend to show similar courses and outcomes, but patients with severe TBI show varying results depending on the rapidity and effectiveness of treatment. Thus, the outcome of patients with severe TBI may have significantly affected the outcome of the entire cohort. In other words, the lack of change in patient outcomes from before to after trauma center establishment may have been due to the lack of significant changes for patients with severe TBI, since such patients were being treated rapidly by the neurosurgeons prior to the opening of the trauma center.
The lack of change in patient outcomes from before to after trauma center establishment may also be due to the lack of change in the number of inter-hospital transfers. Mullins et al. 18) reported that the reduced mortality observed throughout the Oregon trauma system was partially attributed to improved training of EMS personnel and to advancements in technology. In addition, he suggested that many tertiary hospitals may be functioning as trauma centers without the benefit of the designation by the Oregon trauma system 18) . A study by Sampalis et al. 24) reported a steady increase in the number of severely injured patients that were being transferred to trauma centers post-designation and noted that the overall level of care improved, likely because of more-timely interventions and better access to the resources that trauma centers are provided. In our study, inter-hospital transfers accounted for more than 50% of patients before center establishment, with this number increasing to >60% after the center was opened.
In addition, inter-hospital transfer patients had longer emergency room arrival times than did patients who visited the emergency room directly. It is also possible that the inability to take immediate action at the scene of the accident, delays at other hospitals, or the inappropriate action of EMS in interhospital transfers are hampering the improvement of patient outcomes. Therefore, we tried to solve this problem by establishing and operating a dedicated vehicle with doctors, referred to as the "Mobile Trauma Unit," for inter-hospital transfers or direct treatment at the accident site (Fig. 3) . Although the effects of this unit on patient outcomes remain unclear because it is early in the trial, we expect to observe beneficial effects in the future. To reduce the bias for patients with mild or moderate TBI who were hospitalized at other centers and then transferred to our hospital, an analysis of patients who arrived in the emergency room within 24 hours of the accident was conducted. Among the entire cohort, patients were more likely to visit the emergency room within 24 hours after than before center establishment. However, the rate of visiting the emergency room within 24 hours was high for patients with severe TBI both before and after center establishment. Therefore, the accessibility of patients with mild or moderate TBI to the center increased after center establishment. Additionally, we found that the severity indexes were lower after the center was established, likely because of the increased number of patients with mild or moderate TBI due to improved accessibility.
Trauma center establishment was not correlated with mortality. However, although not statistically significant, the preventable death rate decreased after trauma center establishment in both the entire cohort and the severe TBI group. The lack of significance is thought to be due to the small sample size. In addition, our assumption that patients with TBIs occurring outside the city were being treated in that city to avoid neurologic deterioration was confirmed by the fact that all mortality cases had trauma locations within the city. This means that, for patients with severe TBI, the procedure time is important and that other possible centers with severe TBI management may have a policy for rapid treatment regardless of the establishment of the trauma center. Regarding the initial patient status indexes, the only score that was not associated with mortality was the TRISS. Recently, a revised TRISS model has been reported as a replacement for the original TRISS model because of limitations in its ability to evaluate patient survival 25) . In our study, the TRISS trended towards significance but was not statistically significant due to the limitations of the TRISS model. In addition, it is known that the ISS is one of the most representative indicators of the severity of trauma patients, and our trauma center classifies patients with severe trauma using the ISS. However, for patients with TBI, the consciousness level is an important factor, and this is commonly assessed with the GCS 26) . Our data likewise showed that the GCS best reflects the outcome and mortality of patients with head injuries.
Limitations
This study had several limitations. First, our study may have selection bias and compounding effects due to its retrospective nature. Second, this was a small, single-center study. However, our center is the only tertiary hospital in our city and is the only center capable of treating patients with severe trauma. Although our findings may not be generalizable to all trauma patients, our study is thought to be representative of the local patients within this city. Third, we did not consider the effects of patients with multiple traumas, and only the patients who had a head trauma as the main problem and who were admitted to a neurosurgeon from the trauma team were enrolled in this study. In our trauma center, severe patients with poly-trauma are admitted to trauma surgeons, and thus only the patients with head trauma were selected for this study. Fourth, objective classification and evaluation of some factors affecting outcomes was difficult. For example, team activation is controlled uniformly by the government. Regarding the time to the operating room, there were some problems such as the patients who did not undergo surgery was more and the patients who underwent surgery due to deterioration during hospitalization. Fifth, the lack of change in patient outcomes we observed may be due to problems following the initial opening of the trauma center. Mann et al. 16) suggested that a trauma system goes through a transitional period that may take up to 10 years to truly stabilize. If the stability of the management process within the center is secured over time, the patients' outcomes may change. Therefore, a long-term study with a large sample size is necessary to address these issues.
CONCLUSION
In conclusion, we confirmed that for patients with severe trauma and TBI, the rate of ICU admission increased while the emergency room stay time decreased from before to after trauma center establishment. Further, although not statistically significant, the preventive death rate decreased after trauma center establishment. However, despite the establishment of a trauma center, high inter-hospital transfer rates and long emergency room arrival times were still observed. In the future, efforts to reduce these problems will be necessary.
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